ABSTRACT Mating disruption treatments for the Chinese tortrix Cydia trasias (Meyrick) with synthetic sex pheromone were tested on a shade-tree, the Chinese scholar-tree (Sophora japonica L.), in Beijing, China, in 1999. Two test sites were treated three times each during the beginning of overwintering ßight period, and during the Þrst-and second-generation ßight periods. Each tree was treated with six dispensers releasing the C. trasias sex pheromone (0.5 mg load per dispenser). Treatments were evaluated by petiole and seed pod injuries and by captures of males in traps baited with live virgin females or synthetic sex pheromone lures. A 2:3 two-component blend of E8,E10-dodecadien-1-ol (E8,E10 Ð12:OH) and E8,E10-dodecadienyl acetate (E8,E10 Ð12:Ac) was used for mating disruption. At site I, catches of males in female-baited traps were reduced by 100, 99.1, and 98.2% when compared with control plots, and catches in pheromone-baited traps were reduced by 98.2, 95.7, and 93.6%, during the three periods of moth ßight, respectively. Also at site I, the tunneled petioles (Þrst-and second-generation larval injury) were reduced by 68.1 and 60.6%, and the bored seed pods (third-generation larval injury) were reduced by 70.0%, for the Þrst, second, and third larval generations, respectively, when compared with control plots. At site II, the bored seed pods in the treated plots were reduced by 89.5%, during the third period of larval injury. We conclude that mating disruption is promising as an effective control against C. trasias on shade-trees planted along streets.
THE CHINESE TORTRIX Cydia trasias (Meyrick) is a major pest of the Chinese scholar-tree (Japanese pagodatree), Sophora japonica L., in Beijing, Tianjin, Shanxi, Hebei, Henan, and Shandong of China (Chen 1992 , Chen and Qi 1992 , Ding et al. 1996 and in Japan (Enda and Yamazaki 1987) . C. trasias produces two to three generations in Beijing and overwinters as larvae in seed pods, bark crevices, and twigs of the Chinese scholar-tree (Chen 1992, Chen and Qi 1992) . Emergence of the Þrst moths from the overwintering generation occurs in early May, the overwintering generation moth ßight peak occurs in late May to early June. The Þrst-generation moth ßight peak occurs throughout July. The second-generation moth ßight peak occurs from late August to early September. The larvae attack both the petioles and seed pods and may cause extensive leaf drop, bare twigs, and seed pod damage (Enda and Yamazaki 1987 , Chen 1992 , Ding et al. 1996 , reducing the ornamental and economic value of the tree. Control of the C. trasias could be achieved by repeated applications of broad-spectrum insecticides. However, this not only caused environmental pollution but it has also promoted the development of insecticide resistance in this pest since the mid-1980s (Chen and Qi 1996) .
The identiÞcation and synthesis of the sex pheromone for C. trasias, a 2:3 blend of E8,E10-dodecadien-1-ol (E8,E10 Ð12:OH) and E8,E10-dodecadienyl acetate (E8,E10 Ð12:Ac) Meng 1997, Meng et al. 1998) , has provided an opportunity for developing pheromone-based management programs for this insect (Chen and Qi 1996, Meng et al. 1996) . Communication between the sexes and subsequent mating has been shown to be disrupted by exposure to high concentrations of the pheromone under Þeld conditions (MofÞtt 1974 (MofÞtt , 1978 MofÞtt and Westigard 1984) . This would provide an effective way for the control of C. trasias. The objective of this study was to evaluate the potential of a mating disruption treatment, atmospheric permeation of synthetic sex pheromones, to suppress the population of C. trasias in Chinese scholar-trees in Beijing.
Materials and Methods
Pheromone Dispensers. Pheromone dispensers containing a 2:3 blend of E8,E10-dodecadien-1-ol and E8,E10-dodecadienyl acetate (Ͼ95% pure) (Meng et al. 1996) had an initial pheromone load of 0.5 mg.
Monitoring lures had an initial pheromone load of 0.25 mg. Natural rubber septa were used as pheromone carriers for the disrupting dispensers and the monitoring lures. The septum was made of two parts: the Þrst part was solid (6 by 5 mm in diameter) and the second part hollow (8 by 6 mm i.d. and 10 mm o.d.) (Shunyi Rubber Company, Beijing, China) .
Insects. Seed pods infested with C. trasias overwintering larvae were collected in the Þeld before pupation between January and March in 1999 while the leaf buds of the Chinese scholar-tree were dormant. It was also collected during late October after the second-or third-generation larvae entered hibernacula (Enda and Yamazaki 1987, Chen and Qi 1992) . To forecast when to deploy the disrupting dispensers and the monitoring traps, seed pods collected in the spring (i.e., emerged the year before) were placed in indoor rearing cages, which were kept under natural photoperiod and temperature conditions (19.0 Ð27.7ЊC, 14: 10 Ð16:8 h [L:D] h) until pupation and adult eclosion. The remaining seed pods were stored at constant temperature in an incubator at 10ЊC.When needed, they were taken out in batches and placed in individual glass tubes (82 by 22 mm in diameter) for adult emergence. The seed pods collected during the previous fall were also held in similar conditions (27ЊC; 16:8 [L:D] h). The newly emerged female moths were supplied with 5% sucrose solution. This was done as follows: a 40 mm long strip of gauze saturated with the sucrose solution was placed inside a plastic microtubing (50 by 4 mm in diameter). Small holes (1.5 mm in diameter) were made on the tube, allowing the insect to siphon the solution. The numbers of male and female moths were recorded daily for the estimation of sex ratio.
Voucher specimens of 20 males and 20 females were deposited in the Specimen Museum of Institute of Zoology, the Chinese Academy of Sciences.
Test Sites. Two test sites were studied. In site I, the pheromone-treated plot was located between a primary school and two residential buildings. It consisted of 60 trees planted in two rows of 30 trees each. Both rows were 140 m long, one on either side of a road, with an Ϸ10 m row to row distance. The control plot was located 100 m down the same road, between two residential buildings and consisted of 34 trees arranged similarly in two 85 m long rows. All trees were 4 Ð5 yr old, 4 Ð5 m high, and planted 4.5 m apart on a pedestrian path. Site II was separated from site I by 500 m. In site II, the pheromone-treated plot was located between two residential buildings and consisted of 36 trees planted in a single 160-m row. The control plot for site II was also located between two residential buildings and consisted of a single row of 20 trees, 90 m long. Site II treatment and control plots were 50 m apart and separated by two residential buildings. All trees in site II were 3Ð 4 yr old, 3Ð 4 m high, and planted 4.5 m apart.
Dispenser Placement. Natural rubber septum dispensers containing 0.5 mg of the sex pheromone of C. trasias, E8,E10-dodecadien-l-ol (E8,E10 Ð12:OH) and E8,E10-dodecadienyl acetate (E8,E10 Ð12:Ac), were placed in trees at both experimental sites. The dispensers were placed at the sites during three separate times: at the beginning of (1) overwintering generation ßight, (2) Þrst-and (3) second-generation ßights. The disrupting dispensers were tethered and scattered in the tree canopy on 15 May, 5 July, and 10 August at the beginning of each moth ßight. Dispensers were Ϸ1 m apart. The number of dispensers per tree depends on the size of the tree canopy. On average, each tree held six dispensers. A total of 360 and 220 dispensers was installed for each ßight time at sites I and II, respectively.
Virgin Female Trapping Test. At site I, during the beginning of each moth ßight period, a sticky trap baited with a caged 1-d-old live virgin female moth was hung 3 m above ground (Meng et al. 1988 , McDonough et al. 1994 . When any caged virgin female moth stopped calling she was replaced. Virgin female moths begin to call and may mate on the Þrst or second day after emergence (Chen and Qi 1992) . In this study they lived in the plot for Ϸ4 Ð5 d. Female moths were supplied with 5% sucrose solution through small holes in a plastic microtubing holding a strip of gauze (as above) Þxed to the open side of the cage. The sticky bottoms of the traps would be replaced as needed. Five traps were installed at 20-m intervals in each pheromone-treated and control plot. Catches of each trap were examined daily. Site II was not monitored with virgin female traps.
Monitoring with Sex Pheromone Traps. At site I, 1 d after the dispensers were Þrst installed (on 16 May), six pheromone-baited sticky traps were hung 3 m above ground at 20-m intervals in all plots. Catches of each trap were examined daily. The sticky bottoms were replaced as needed and lures were replaced every 20 d. Site II was not monitored with pheromone traps.
Reductions of the moth populations in pheromonetreated Þelds of site I (caught by virgin-female-baited traps or pheromone-baited traps) were calculated as [(number per N traps in control ÞeldÐnumber per N traps in pheromone-treated Þeld)/number per N traps in control Þeld] ϫ100% (Roelofs and Novak 1981) .
Assessment of Damage. At site I, during the peak periods of each generation larval injury, the twigs bearing compound leaves (injured by Þrst-and second-generation larvae tunneling the petiolar base) or clusters of seed pods (injured by third-generation larvae) were inspected for larval injury in both pheromone-treated and control plots. One-third to onehalf of the trees was sampled. The general sampling procedure was as follows: seven twigs bearing compound leaves or clusters of seed pods were inspected from the eastern, western, southern, northern, and top areas of the tree. Thirty-Þve twigs or clusters were inspected per tree. In cases where individual trees yielded less than the desired samples (e.g., some trees did not bear any), samples from the same location in adjacent trees were pooled to provide the standard sample size. In total, 10 and 20 trees were sampled in the pheromone-treated and control plots, respectively. At site II, the clusters of seed pods were inspected only during the third-generation larval injury period, and a total of 12 trees were sampled in each of the pheromone-treated and control plot. Petioles and seed pods were recorded as either damaged or undamaged, and the rates of tunneled petioles and bored seed pods were calculated for each of the treated and control plots. Reduction of the damage (tunneled petioles or seed pods) in pheromone-treated plots of sites I and II was calculated as [(rate of damage per N trees in control plot -rate of damage per N trees in pheromone-treated plot)/rate of damage per N trees in control plot] ϫ100%.
An independent sample t-test was performed.
Results
Sex Ratio. The indoor rearing experiments showed that the ratios of female to male in both the overwintering and third generations were close to 1:1 (Table  1) .
Virgin Female Trapping Test. As shown in Table 2 , the presence of the pheromone dispensers almost completely disrupted male orientation to traps baited with virgin females. At site I, in the treated plots, the mean numbers of male C. trasias captured during overwintering, Þrst-and second-generation moth ßight periods in live virgin female baited traps were reduced by 100, 99.1, and 98.2%, respectively, compared with the control plots.
Monitoring Tests with Pheromone-Baited Traps. At site I, in the presence of the pheromone dispensers the mean numbers of male C. trasias captured during the overwintering, Þrst-and second-generation ßight periods in pheromone-baited traps were reduced by 98.2, 95.7, and 93.6%, respectively, compared with the control plots (Table 3) .
Control Effect. Effect of the synthetic sex pheromones was evaluated by comparing the treated and controls. Examination of the damaged petioles and seed pods at site I showed that the tunneled petioles in the treated plot were reduced by 68.1% during the larval injury period of the Þrst-generation, and 60.6% during the second-generation larval injury period (Table 4). The bored seed pods were reduced by 70.0% during the third-generation larval injury period. At site II, the bored seed pods in the pheromone-treated plot were reduced by 89.5% during the third-generation larval injury period.
Discussion
Atmospheric saturation with synthetic sex pheromone resulted in almost complete disruption of male orientation to virgin female-baited traps. For example, only two male moths were trapped during the whole season in the Þve traps in site I in the treated plots. This corresponds to a reduction of 99% compared with the control plots. Also catches of male moths were reduced by 93Ð98% in synthetic pheromone-baited traps after the pheromone applications. Mating and reproduction, as indicated by the degree of damage to petioles and seed pods, was signiÞcantly reduced in both sex pheromone-treated plots.
These results are in line with those obtained by MofÞtt and Westigard (1984) , who found that broadcast applications of three to Þve times per season of the sex pheromone (E8,E10 Ð12:OH) to pear orchards was effective in reducing mating of the codling moth, Cydia pomonella (L.). Our results also are in agreement with those by Pfeiffer et al. (1993) , who demonstrated that polyethylene dispensers (Shin Etsu) containing a 172-mg mixture of the sex pheromone E8,E10 Ð12:OH (63%), dodecenol (12:OH, 31%), and tetradecenol (14:OH, 6%) were effective in controlling codling moths when placed at a density of 1,000/ha shortly after the apples bloomed in orchards in Virginia. Pree et al. (1994) claimed that Isomate M wire-type pheromone dispensers containing 75 mg of synthetic sex pheromone formulations (92% Z-8-dodecenyl acetate Z8 Ð12:Ac, 5.3% E-8-dodedenyl acetate E8 Ð12:Ac, and 3.7% Z-8-dodecenol Z8 Ð12:OH), deployed two times at 1,000 Ð1,300/ha in the top third of the developing peach tree canopy, were effective in controlling the Oriental fruit moth, Grapholitha molesta (Busck). Likewise, Vogt et al. (1993) found that pheromone treatment (Z-9-dodecenyl acetate Z9 Ð12:Ac [2.5% E]) was effective when HERCON pheromone dispensers of European grape moth, Eupoecilia ambiguella Hü bner, were deployed at 50 Ð1,000/ha (hand application) and 10,000/ha (application by helicopter). The pheromone quantities used by the latter authors varied between 25 and 150 g/ha at an experimental farm with a relatively low density of insect pests.
Cydia trasias appears to be amenable to control by mating disruption. It has a narrow host range and two to three generations per season. It attacks only the petioles and seed pods of Sophora japonica L. (Chen 1992 , Chen and Qi 1992 , Ding et al. 1996 and Maackia amurensis variety Buergeri (Enda and Yamazaki 1987) . Males and females mate only once during their lives (Chen and Qi 1996) , with the sex ratio being Ϸ1:1, as shown in the current study (see above). Moreover, the Chinese scholar-tree is often found in isolated plantings. Typically there are many buildings between the streets and roads, and different kinds of trees on each road and street, making it difÞcult for C. trasias moths to migrate unless they are carried by trafÞc or pedestrians. In the study by Barnes et al. (1992) , isolation of the orchard was essential to study the suppression of codling moth infestations by pheromone permeation. Many studies also demonstrated that the relative prevalence of the instinct for migration by mated females was the most crucial factor in the determination of a pestÕs susceptibility to synthetic pheromone mating disruption (Rothschild 1981 (Rothschild , 1982 Charmillot 1990; Pfeiffer et al. 1993; Pree et al. 1994; Cardé and Minks 1995; Trimble 1995) .
Population density is another crucial trait for determining a pestÕs susceptibility to synthetic pheromone mating disruption (MofÞtt and Westigard 1984 , Barnes et al. 1992 , Vogt et al. 1993 , Cardé and Minks 1995 . For example, Pfeiffer et al. (1993) used Isomate-C (1,000 dispensers/ha) to successfully control codling moth injury in Þve apple orchards in Virginia with relatively low moth density, but when moth density was high, unacceptable levels of injury (16.0 Ð 16.5%, Ͼ 1%) occurred. Jones (1998, pp. 314 Ð344) suggested that if the dispensers were releasing sufÞ-cient pheromone to depress catches in traps by 98 Ð 100%, it was a good early indication that the control is effective. Pree et al. (1994) used Isomate M wire-type dispensers to disrupt mating of Oriental fruit moth in Niagara, Ontario. No males were caught in virgin female-baited traps placed in pheromone-treated plots, whereas the synthetic pheromone-baited trap catches of male moths were reduced by 85Ð100%. However, commercially acceptable control (Ͻ1%) was only obtained at a commercial farm with a relatively low density of G. molesta. In this study, our tests showed that only two males were caught in Þve virgin femalebaited traps placed in pheromone-treated plots, and the synthetic pheromone-baited trap catches of male moths were reduced by 93Ð98% during the season. However, signiÞcant reduction in petiole and seed pod damage was obtained in the pheromone-treated plots. The reduction in the damage could be related to the low density of C. trasias population at the test sites.
There was approximately one larva per tree in control plots of both sites I and II. Chen and Qi (1992) stated that one larva could tunnel 9 Ð11 petioles during its life, and Charmillot (1990) postulated that mating disruption of the codling moth could only be achieved when the initial population did not have more than two to three diapausing larvae per tree.
In our pheromone-treated plot there was almost complete disruption to virgin female and pheromone traps, with a 60 Ð70% reduction in petiole and pod damage for variant treatments (Tables 2Ð 4) . The inconsistency of trap (virgin female trap and pheromone trap) shutdown with the reduction of damage during the whole season could be due instead to differential migration of mated females to the two sites (Table 5) (Rothschild 1981 (Rothschild , 1982 Charmillot 1990; Trimble 1995) .
In addition, the age and height of the tree might be another factor that could account for differences in damage level. Charmillot (1990) postulated that mating disruption of the codling moth could only be achieved when the treated orchard was homogeneously planted with small trees not Ͼ2.5 m high. At site I, the trees were 4 Ð5 yr old and 4 Ð5 m high, and the reduction in damage of seed pods in the treated plot was 70%. At site II, however, the trees were 3Ð 4 yr old and 3Ð 4 m high, and the reduction in damage of seed pods was Ϸ90% (Tables 4 and 6 ). Consequently, the number of dispensers deployed in a tree should be increased as the age, height, and canopy of the tree increase. Means within the same column followed by the different letters are signiÞcantly different (SPSS-one-way ANOVA: LSD, P Ͻ 0.01)
The results of our Þeld trials showed that the potential for mating disruption of C. trasias by atmospheric permeation with synthetic sex pheromone is promising. Further work is clearly needed to investigate whether the mating frequencies of tethered and feral females are suppressed in disrupted Þelds. 
